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LIFT-DRAG RATIOS AT LOW SPEEDS* 

By George M. Ware and Robert E. Shanks 

SUMMARY 

An invest igat ion has been made t o  measure the  low-speed s t a t i c  
longi tudinal  and l a t e r a l  s t a b i l i t y  and control  cha rac t e r i s t i c s  and 
l a t e r a l  damping der ivat ives  of a model of a hypersonic boost-glide air- 
plane designed f o r  high l i f t - d r a g  r a t i o s  a t  low speeds. Included i n  the 
invest igat ion were t e s t s  t o  determine the  e f f e c t s  of various configura- 
t i o n  changes on t h e  s t a t i c  s t a b i l i t y  cha rac t e r i s t i c s  and l i f t - d r a g  r a t i o  
of the  model. 

The r e s u l t s  indicated t h a t  the model w a s  longi tudinal ly  s tab le  about 
the design center-of -gravity posi t ion (55.7 percent of the body length) 
except f o r  the angle-of-attack range from about 15' t o  20'. The maximum 
trimmed l i f t - d r a g  r a t i o  of the  bas ic  model was approximately 6.0. Tests 
indicated t h a t  the  model had pos i t ive  d i r ec t iona l  s t a b i l i t y  up t o  an angle 
of a t tack  of 3 5 O  and had pos i t ive  damping i n  r o l l  and yaw throughout the 
angle-of-attack range t e s t ed  (0' t o  50'). 

INTRODUCTION 

'q An invest igat ion has been conducted by t h e  National Aeronautics and 
Space Administration t o  provide information on proposed hypersonic boost- 

r e s u l t s  of a s e r i e s  of t e s t s  conducted over a Mach number range from 0.04 
t o  9.6 a t  the  Langley Research Center on several  configurations of one 
proposed boost-glide airplane have been reported i n  references 1 t o  9. 

e gl ide  airplane configurations from hypersonic t o  low subsonic speeds. The 
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The present invest igat ion was made t o  determine the  low subsonic speed 
s t a t i c  longi tudinal  and l a t e r a l  s t a b i l i t y  and control  charac te r i s t ics  
and l a t e r a l  damping der ivat ives  of one of the  configurations studied. 
This pa r t i cu la r  model, which w a s  designed t o  give a r e l a t i v e l y  high 
l i f t - d r a g  r a t i o  a t  low speeds, had a TO0 swept wing with a th ick  cambered 
a i r f o i l ,  a large teardrop-shaped fuselage with a s m a l l  base area, and 
wing-tip v e r t i c a l  ta i ls .  

The invest igat ion consisted of force tests a t  angles of a t tack  from 
0' t o  40° t o  determine the  s t a t i c  longi tudinal  and l a t e r a l  charac te r i s t ics  
f o r  the  basic  model and f o r  the  model with various modifications, and 
o s c i l l a t i o n  t e s t s  at  angles of a t tack  from Oo t o  50' t o  determine the 
l a t e r a l  damping der ivat ives  f o r  the  basic  model. 
studied included a change i n  wing trail ing-edge sweep, increased wing- 
body fa i r ing ,  a cutout i n  the forward leading edge of the wing, ve r t i ca l -  
t a i l  cant, addition of horizontal  f i n s ,  wing leading-edge extensions, 
wing fences, and landing skids. 3 

The modifications 

SYMBOLS 

The longi tudinal  da ta  are re fer red  t o  the  wind axes and a l l  l a t e r a l  
s t a b i l i t y  da ta  are referred t o  the  body system of axes (see f ig .  1) o r i g i -  
nating a t  a moment reference posi t ion of 55.7 percent of the  body length 
( f o r  corresponding percent of t he  mean aerodynamic chords, see t ab le  I) 
f o r  a l l  configurations. A l l  measurements are  reduced t o  standard coef- 
f i c i e n t  form and are  presented i n  terms of t he  following symbols: 

b wing span, f t  

- c *  mean aerodynamic chord, f t  

D drag, l b  

f frequency of osc i l la t ions ,  cps 

FY side force, l b  

k reduced-f requency parameter, ub/2V 

L l i f t ,  l b  

L/D l i f t - d r a g  r a t i o  

r o l l i n g  moment, f t - l b  MX 
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pi tching moment, f t - l b  

yawing moment, f t - l b  

r o l l i n g  veloci ty ,  radians /see 

free-stream dynamic pressure, lb/sq f t  

yawing velocity,  

wing area, sq f t  

time, sec 

radians /se c 

f r e e  - s t r e  am ve lo c i ty ,  f t  /se c 

body reference axes unless otherwise noted 

angle of attack, deg 

angle of s ides l ip ,  deg or radians 

a i l e ron  def lect ions,  

e leva tor  def lec t ion  (pos i t ive  when t r a i l i n g  edge down), deg 

6 , , ~  - 6 , , ~ ,  deg 

l e f t  elevon def lec t ion  (pos i t ive  when t r a i l i n g  edge down), 
deg 

r i g h t  elevon def lec t ion  (pos i t ive  when t r a i l i n g  edge down), 
deg 

right rudder def lec t ion  (outward only, measured from v e r t i c a l  
t a i l  center  l i n e ) ,  deg 

angle of roll, radians 

angle of yaw, radians 
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o = 2nf radians/sec 

D drag coefficient, - 
CD (2s 

c2 
Mx 
qSb 

rolling-moment coefficient, - 
*c2 incremental rolling-moment coefficient 

per degree or  per radian - ac2 
c2P - ap 

L lift coefficient, - 
pitching-moment coefficient, - 

qs CL 
MY 

Cm qSC 

yawing-moment coefficient, 
qSb 

*Cn incremental yawing-moment coefficient 

per degree o r  per radian - acn 
c"P - ap 

FY 
CIS 

side-force coefficient, - CY 

aCY 
Cyp = per degree o r  per radian 
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DEFINITION OF DEBIVATNES 

The term "in-phase der ivat ive" used herein r e fe r s  t o  any one of the 
s t a b i l i t y  der ivat ives  which a re  based on the forces  o r  moments i n  phase 
w i t h  the  angle of roll or  yaw produced i n  the osc i l l a to ry  t e s t s .  
term "out-of-phase der ivat ive" r e f e r s  t o  any one of the s t a b i l i t y  deriva- 
t i v e s  which a re  based on the  forces  or moments 90' out  of phase w i t h  the  
angle of roll o r  yaw. 
t e s t s  i n  the  following combinations: 

The 

The der ivat ives  were measured i n  the o s c i l l a t i o n  

In-phase r o l l i n g  der ivat ives  : 

2 CzP s i n  a - k C z h  

2 

2 

CnP sin a - cn* P 

cyP sin - cy. P 
In-phase yawing der ivat ives:  

CzP cos a + k2C2. r 

CnP cos + cn- r 
CyD cos a + k2C 

2 
7% 

YE 

Out-of-phase r o l l i n g  der ivat ives:  

czP + cz '  P sin a, 

Cn + Cn* s i n  a 
P P 

cyP + cy* P sin a 
Out-of -phase yawing der ivat ives  : 

Cnr - Cni COS a 

cyr - cyb cos a 
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APPARATUS AND MODELS 

The s t a t i c  and ro ta ry  o s c i l l a t i o n  t e s t s  were conducted a t  the Langley 
Research Center i n  a low-speed tunnel  w i t h  a 12-foot octagonal t e s t  sec- 
t ion .  Detailed descr ipt ions of the  o s c i l l a t i o n  apparatus and methods 
used i n  obtaining and reducing the da ta  are  given i n  reference 10. The 
model w a s  s t i ng  mounted and the forces  and moments were measured about 
the body axes by means of three-component i n t e r n a l  strain-gage balances. 

A three-view drawing of the model used i n  the invest igat ion i s  pre- L 
1 
3 
3 
0 

sented i n  f igure  2 and photographs of the model a re  presented i n  f igure  3. 
The var ious configurations of t h i s  s e r i e s  of hypersonic boost-glide a i r -  
planes a re  iden t i f i ed  by numerical subscr ipts  t o  l e t t e r s  ind ica t ing  model 
components: B f o r  body, W f o r  wing, and V f o r  v e r t i c a l  t a i l .  
refs .  1 t o  9.) 
i n  f igure 4 and include: 
o r i g i n a l  elevons t o  give wing t ra i l ing-edge sweep angles of 36.8' 
(designated W ~ A )  and 0' (designated W ~ B ) ,  a cutout i n  the wing leading 
edge a t  the wing-fuselage ,juncture, horizontal  f i n s  extending out from 
the  v e r t i c a l  ta i ls ,  removable landing skids, wing leading-edge extensions 
extending 40 percent or 60 percent of the semispan inboard of the wing 
t i p ,  severa l  wing fences located e i t h e r  on the  inboard or outboard por- 
t i o n  of the  wing, and an increased wing-body fair ing.?  
constructed so t h a t  the  t a i l s  could be canted outward SO0 from t h e  ver-  
t i c a l  or removed. 

(See 
Sketches of the modifications t o  the model a re  presented 

two elevons that  were interchangeable with the * 

The model w a s  

TESTS 

The s t a t i c  longi tudinal  and l a t e r a l  s t a b i l i t y  cha rac t e r i s t i c s  of 

The l a t e r a l  cha rac t e r i s t i c s  were determined from 
the model and i t s  modifications were determined f o r  an angle-of-attack 
range of 0' t o  40'. 
t e s t s  made a t  various angles of a t tack  over a s i d e s l i p  range of -20' 
t o  20'. 
of-attack range from 0' t o  50'. These ro t a ry  o s c i l l a t i o n  t e s t s  were 
made a t  reduced-frequency parameters of 0.10 and 0.17 f o r  amplitudes i n  
roll and yaw of +5O. 

Rolling and yawing o s c i l l a t i o n  t e s t s  were made over an angle- 

The t e s t s  were made a t  a .dynamic pressure of 4.09 pounds per square 
foo t  which corresponds t o  an airspeed of 58.7 f e e t  per second and a t e s t  
Reynolds number of 0.373 X 10 6 per foot  or 1.09 X 10 6 based on the  mean 
aerodynamic chord of w8. 

0 

& 
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b n g i t u d i n a l  Character is t ics  

The da ta  i n  f igures  5 and 6 show the charac te r i s t ics  of the basic  
model while the  da ta  i n  f igures  7 t o  13 show the  e f f ec t  of various model 
modifications which were made i n  an e f f o r t  t o  improve longi tudinal  sta- 
b i l i t y  and l i f t - d r a g  ra t ios .  The l i f t - d r a g  r a t i o  comparisons made 
herein are  f o r  the untrimmed condition (6, = Oo)  unless otherwise noted. 

Effect of e leva tor  deflection. - The e f f e c t  of e levator  def lect ion 
on the  longi tudinal  cha rac t e r i s t i c s  on model B w 8 V 1 0  i s  presented i n  

e f igure  5. These data show t h a t  t he  model w a s  approximately neut ra l ly  
s tab le  up t o  about an angle of a t tack  of l5', unstable a t  angles of 
a t tack  from 15' t o  20°, and general ly  s tab le  a t  angles of a t tack  from 
20' t o  40°. 
of the pitching-moment curve i n  t h a t  upward (negative) def lect ion reduced 
the i n s t a b i l i t y  i n  the angle-of-attack range from 15' t o  20' and downward 
def lect ion increased t h i s  i n s t a b i l i t y .  The elevator  effect iveness  
remained constant up t o  an angle of a t tack  of 20' and then decreased with 
increasing angle of  attack. It should be pointed out  t h a t  a ra ther  large 
e leva tor  def lect ion (6, = -loo) w a s  required t o  t r i m  the model a t  angles 
of a t tack  up t o  15'. The model had a maximum l i f t - d r a g  r a t i o  of 6.6 with 
an elevator  def lect ion of 0' but  dropped t o  about 6.0 with an up-elevator 
def lect ion of loo (approximate trimmed condition from a = 0 t o  a = 15'). 

Elevator def lect ion had an appreciable e f f e c t  on the shape 

Effect of landing skids . -  The e f f e c t  of landing skids on the longi- 
t ud ina l  cha rac t e r i s t i c s  of the model i s  presented i n  figure 6. These 
da ta  show t h a t  the addition of skids  resul ted i n  a s l i g h t  increase i n  
longi tudinal  s t a b i l i t y  and a decrease i n  maximum l i f t  and l i f t - d r a g  
r a t io .  

Wing trail ing-edge configuration.-  From t he  data  presented i n  f i g -  
ure 7 it may be seen tha t ,  with the  center of grav i ty  located a t  
55.7 percent of the  body length, t h e  s t a b i l i t y  of the model w a s  increased 
as addi t iona l  area w a s  added t o  the  wing by decreasing the  trail ing-edge 
sweep (W8g) and decreased by increasing the trail ing-edge sweep ( W ~ A ) .  
The change i n  s t a b i l i t y  w a s  most apparent i n  the  angle-of-attack range 
from 200 t o  40'. 
l i n e a r  with an increase i n  s t a b i l i t y  i n  t h i s  range, t h e  model s t i l l  
remained unstable a t  angles of a t t ack  from'15° t o  20'. The various wing 
trail ing-edge configurations had some e f f e c t  on the l i f t -curve  slope but 
compensating changes i n  drag resu l ted  i n  almost no change i n  maximum 
l i f t - d r a g  r a t io .  

* Although the  pitching-moment curve became more near ly  
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Horizontal f i n s . -  The e f f e c t  of the horizontal  f i n s  which were 
designed t o  fo ld  out  from the  v e r t i c a l  t a i l s  a t  low speeds (see f i g .  4 (a ) )  
i s  presented i n  f igure  8. 
s t a t i c  margin by about 0.05c' up t o  an angle of a t tack  of 15'. 
coef f ic ien t  w a s  a l so  increased s l i g h t l y  up t o  about 
above an angle of a t tack  of 20' the  l i f t  coef f ic ien ts  were reduced 
s l igh t ly ,  apparently because the  horizontal  f i n s  were s t a l l e d  by the  
upwash a t  the  wing t i p s  of the model. The da ta  a l so  show t h a t  the f i n s  
had only a s l i g h t  e f f e c t  on the  maximum l i f t - d r a g  ra t io .  

These data  show t h a t  the f i n s  increased the 
The lift 

a = 20' whereas 

Leading-edge extensions. - The par t icu lar  wing leading-edge extensions L 
1 
3 

*> 0 

used i n  t h i s  invest igat ion had a des tab i l iz ing  e f f e c t  and resul ted i n  the 
model being unstable even at  low angles of a t t ack  as shown i n  f igure  9. 

configuration w a s  lower than t h a t  of the bas ic  model probably because of 
an unfavorable locat ion of the extension which caused an increase i n  
drag without an appropriate increase i n  l i f t .  When t h e  extension w a s  
increased t o  cover 60 percent of the  wing leading edge, the l i f t - d r a g  
r a t i o  w a s  increased t o  about 7.2 which w a s  an improvement of 0.6 over 
t h a t  of the basic  model. 

The maximum l i f t - d r a g  r a t i o  of t h e  40-percent b/2 leading-edge extension 3 

Ver t i ca l - t a i l  cant.-  The data  i n  f igure  10 show t h a t  canting the  
v e r t i c a l  t a i l s  out  30° from the  v e r t i c a l  increased the s t a b i l i t y  but did 
not eliminate the i n s t a b i l i t y  i n  the  angle-of-attack range from 15' 
t o  20'. Canting the t a i l s  out  a l so  resu l ted  i n  a large negative s h i f t  
i n  t he  pitching-moment curve. 
removed are  a l so  presented i n  f igure  10 and show t h a t  removing the t a i l s  
sh i f t ed  the pitching-moment curve i n  a pos i t ive  d i rec t ion  and resu l ted  
i n  a f a i r l y  l i n e a r  curve. There w a s  a l so  a s m a l l  reduction i n  s t a b i l i t y  
up t o  an angle of a t tack  of 15' with t a i l s  of f .  Analyzing the  data  i n  
t h i s  f igure i n  an e f f o r t  t o  determine the cause of the i n s t a b i l i t y  i n  
the  angle-of-attack range from l5O t o  20° leads t o  the conclusion t h a t  
the  v e r t i c a l  ta i ls ,  act ing as endplates, increased the  effect iveness  of 
the  r e a r  portion of the  wing a t  low angles of a t tack  which added a nose- 
down increment t o  the  pitching-moment curve. A t  an angle of a t tack  of 
about 15', regardless of t a i l  configuration, t h e  flow over the  r ea r  of 
t he  wing probably separated and caused a loss i n  l i f t  over t h a t  portion 
of t he  wing; thus the  model became unstable. The maximum L/D r a t i o  
of the t a i l s -o f f  configuration may be seen t o  be 7.0. Canting the t a i l s  
out  30' from the  v e r t i c a l  increased the  l i f t  coef f ic ien ts  over the t es t  
angle-of-attack range and increased the m a x i m u m  L/D r a t i o  t o  about 8.5. e. 

Data f o r  the model with v e r t i c a l  t a i l s  

Wing-body fairin$. - A s  may be seen from the  da ta  i n  f igure  11, the  
wing-body f a i r i n g  s l i g h t l y  increased the  s t a b i l i t y  of the model a t  t he  
lower angles of a t tack  and was e f fec t ive  i n  reducing t h e  i n s t a b i l i t y  i n  
the  angle-of-attack range from 15' t o  20°. 
e f f e c t  on the other  longi tudinal  charac te r i s t ics .  

The f a i r i n g  had no appreciable 

P 
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Wing leading-edge cutout. - A cutout i n  the  wing leading edge at the  
wing-fuselage juncture ( f ig .  12) completely eliminated the i n s t a b i l i t y  
i n  the  angle-of-attack range from l5O t o  20' f o r  approximately trimmed 
conditions (6, = -10'). 
value of the  maximum L/D r a t i o  but caused a reduction i n  the  maximum 
l i f t  coeff ic ient  and sh i f ted  the  angle of a t tack  at which the  maximum 
l i f t -d rag  r a t i o  occurred from a = 5 O  t o  about a = 8'. 

The cutout had no appreciable e f f ec t  on the  

Wing fences.- The data  i n  f igure  13 show t h a t  the addition of e i t h e r  
the large or the  s m a l l  fences reduced both the  maximum l i f t  and the m a x i -  
mum l i f t - d r a g  r a t i o  of the  basic  configuration. The fences had no e f f ec t  
on longi tudinal  s t a b i l i t y  throughout t he  angle-of-attack range t e s t ed  
except f o r  a reduction i n  the i n s t a b i l i t y  between angles of a t tack  of 
15' and 20'. 

Lateral Characterist ics 

The var ia t ion  of Cy, Cn, and C 1  with fi f o r  various angles of 
a t tack  i s  shown i n  f igure  14 f o r  model B8W8Vlo with v e r t i c a l  t a i l s  on 
and of f ,  with landing skids, t a i l s  canted out 30' from the  ver t ica l ,  and 
rudders def lected 20° outward. These t e s t s  were made with an elevator  
def lect ion of -10' which gave approximately longi tudinal  trimmed condi- 
t i ons  up t o  an angle of a t tack  of about 15'. These da ta  are summarized 
i n  f igures  15 t o  18 i n  the  form of the s t a b i l i t y  der ivat ives  Cnp, 
and C z p  p lo t t ed  against  angle of attack. The values of t he  der ivat ives  
were obtained by taking the  difference between the values of the  coef- 
f i c i e n t s  measured at s ides l ip  angles of 5 O  and -5'. Since some of the  
data  a re  nonlinear, these der ivat ives  should be used only t o  indicate  
t rends and t o  provide approximate comparison of the various configura- 
t ions.  No l a t e r a l  t e s t s  were made f o r  t he  model with trail ing-edge 
sweep of 0' and 36.8', horizontal  f ins ,  wing leading-edge extensions, 
or wing fences because it w a s  f e l t  t h a t  these modifications would have 
l i t t l e  e f f ec t  on the  l a t e r a l  charac te r i s t ics  of the  model. Lateral  t e s t s  
were made, however, f o r  t he  model w i t h  increased wing-body f a i r i n g  and 
wing leading-edge cutout and showed almost no change from the  character- 
i s t i c s  of the bas ic  model. 

Cyp, 

Effect  of v e r t i c a l  tai ls .-  The data  presented i n  f igure  15 show tha t ,  
with v e r t i c a l  t a i l s  on, t he  model was  d i rec t iona l ly  s tab le  up t o  an 
angle of a t tack  of about 35'. 
w a s  unstable throughout t he  t e s t  angle-of-attack range and had about the  
same var ia t ion  i n  CnP with angle of a t tack  as the complete model. The 
effect ive dihedral  - C J D  became increasingly posi t ive up t o  an angle 
of a t tack  of about lis0 and then decreased and changed sign near an angle 
of a t tack  of 30'. Points giving the  charac te r i s t ics  of model B8w8vlo 

With the  v e r t i c a l  t a i l s  off ,  t he  model 
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with Oo elevator  def lect ion a re  given i n  f igure  15. The points  agree 
very closely with values obtained with 
l a t e r a l  charac te r i s t ics  are not g rea t ly  affected by moderate negative 
elevator  deflection. 

6e = -10'; therefore,  the 

Effect  of landing skids.- It may be seen from the data of f igure  16 
t h a t  t he  landing skids s l i g h t l y  increased the d i rec t iona l  s t a b i l i t y  of 
the  model at  low and high angles of attack. 

Ver t i ca l - t a i l  cant.- The data  of f igure  17 show t h a t  ro ta t ing  the  
t a i l s  30° from the  ve r t i ca l ,  which reduced the e f fec t ive  side area of 
the tails, decreased the d i rec t iona l  s t a b i l i t y  of the  model throughout 
t he  t e s t  angle-of-attack range. Although the d i rec t iona l  s t a b i l i t y  w a s  
reduced, t he  model s t i l l  retained some s t a b i l i t y  up t o  an angle of 
a t tack  of 30°. 

Symmetrical rudder def lect ion.-  The e f f ec t  of simultaneous outward 
def lect ion of both rudders, which has been suggested as a means of 
improving d i rec t iona l  s t a b i l i t y  a t  hypersonic speeds, i s  shown i n  f i g -  
ure 18 f o r  the  low-speed case. 
def lect ions of 20' did not change the  l e v e l  of d i rec t iona l  s t a b i l i t y  
of the  model bu t  eliminated the d i rec t iona l  i n s t a b i l i t y  a t  an angle of 
a t tack  of 3 5 O .  

The data show t h a t  symmetric rudder 

Rudder and a i le ron  effectiveness.-  The rudder and a i le ron  control 
effect iveness  of the  model i s  shown i n  f igure  19. The rudder effect ive-  
ness remained approximately constant up t o  an angle of a t tack  of about 
l5O and decreased with increasing angle of a t tack  t o  about one-third of 
the  o r ig ina l  value a t  The a i le ron  control  followed the same 
trend but  maintained constant effect iveness  up t o  an angle of a t tack  of 
about 2 5 O .  
rudder and ai leron,  respectively, but  they were generally small. 

a = 40'. 

Some adverse r o l l i n g  and yawing moments w e r e  produced by the 

Osci l la tory Lateral S t a b i l i t y  Character is t ics  

The var ia t ion  of the out,-of-phase yawing and r o l l i n g  der ivat ives  

Cn, - Crib cos a 
with angle of a t tack  f o r  model B8W8Vlo i s  presented i n  f igure 20. 
data  show t h a t  the  damping der ivat ives  

These 

-J- C 2 b  s i n  a f o r  t he  model with v e r t i c a l  tai ls  are negative ( s t ab le )  
and 

c2P 
throughout the  angle-of-attack range tes ted.  Removal of the  v e r t i c a l  
t a i l s  had l i t t l e  e f f e c t  on Czp  + Cz; s i n  a up t o  an angle of a t tack  

of about 20' but with t a i l s  off Cnr - Crib COS a M a s  about zero or 
pos i t ive  over most of the angle-of-attack range. The data  show t h a t  
frequency a f f e c t s  the values of the  derivatives,  pa r t i cu la r ly  i n  the  
higher angle-of-attack range, but generally did not change the  trends.  

e 
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The var ia t ion  of t he  in-phase ro l l i ng  and yawing der ivat ives  f o r  
model B8W8V10 with angle of a t t ack  i s  presented i n  f igure  21. S t a t i c  
s t a b i l i t y  data  ( k  = 0) from f igure  14 a r e  a l s o  p lo t ted  i n  t h i s  f igure  
f o r  cor re la t ion  with the o s c i l l a t i o n  t e s t  r e s u l t s .  
good agreement except f o r  the  e f f ec t ive  dihedral  der ivat ives  
Czp  s i n  CL - k2Cz$ and C z p  cos a + lc2C2;., a t  the  higher angles of a t tack  
These differences i n  the s t a t i c  and osc i l l a to ry  da ta  may be a t t r i bu ted  
t o  flow separation over t he  wings at high angles of a t tack  and are con- 
s i s t e n t  with r e s u l t s  reported i n  reference 11. 

The da ta  show fairly 

L 
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3 
3 
0 "  

s tab  

SUMMARY OF F@SULTS 

The r e s u l t s  of the invest igat ion t o  determine 
l i t y  cha rac t e r i s t i c s  of a model of a hyperson 

the low subsonic 
c boost-glide air- 

plane designed for  high l i f t - d r a g  r a t i o  at  low speeds a re  summarized 
as fol lows:  

1. The model w a s  longi tudinal ly  s t ab le  about the design center-of- 
grav i ty  pos i t ion  (55.7 percent of the  body length)  except i n  the angle- 
of-attack range from 15O t o  20'. 

2. The bas ic  model had a maximum l i f t - d r a g  r a t i o  of 6.6 w i t h  an 
e leva tor  def lec t ion  of 0' and a maximum l i f t - d r a g  r a t i o  of the order 
of 6.0 with an elevator  def lec t ion  of -loo which corresponded t o  the  
approximate longi tudinal  t r i m  condition a t  low angles of a t tack .  

3 .  The model was  d i r ec t iona l ly  s t ab le  up t o  an angle of a t tack  
of 350. 

4. The model had pos i t ive  damping i n  roll and i n  yaw throughout 
the angle-of-attack range (Oo t o  50'). 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field,  Va. ,  March 6, 1961. 
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Figure 1.- Body system of axes. Arrows indicate  pos i t ive  d i rec t ions  of 
moments, forces,  and angles. This system is defined as an orthogonal 
system having the  o r ig in  at the  center of gravity,  and the  X - a x i s  i s  
i n  the  plane of symmetry and al ined with the  longi tudinal  axis of the 
fuselage. The Z-axis is  i n  the  plane of symmete and perpendicular 
t o  the  X-axis, and the Y-axis i s  perpendicular t o  the  plane of 
symmetry. 
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Section A - A 

1,_86O’ 
d 

Theoretical tip 

P 

Figure 2.- Three-view drawing of model Bgw8V10 used i n  investigation. 
A l l  dimensions are  i n  inches. 



I 

R 

% 

0 
M 
M 
ri 

J +  

Figure 3 . -  Photographs of model used in investigation. L-59-1526 
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Wing trailing edge modification 

Section A-A 

Wing leading- edae cutout 

Horizontal fin 

Landing skid 

(a) Details of wing trailing-edge modifications, wing leading-edge 
cutout, horizontal f ins ,  and landing skids. 

Figure 4.- Modifications t o  the model. All dimensions are  i n  inches. 
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(b) Details of wing leading-edge extensions, wing fences, and wing- 
body fa i r ing.  

Figure 4. - Concluded. 
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Figure 5.6 Effect  of e levator  def lec t ion  on the  s t a t i c  longi tudinal  
cha rac t e r i s t i c s  of model B8w8v1Oe p = 0'. 
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Figure 6.- Effects  of landing skids on the  s t a t i c  longi tudinal  charac- 
t e r i s t i c s  of model B8W8v1oe 6, = -loo; f3 = 0'. 
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Figure 7.- Effect of wing trailing-edge configuration on the static 
longitudinal characteristics of model. ~3 = Oo; 6, = 0'. 
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Figure 8.- Effect of horizontal  f i n s  on the  s t a t i c  longi tudinal  charac- 
t e r i s t i c s  O f  model B8W8Vio. p = 0'; 6, = 0'. 
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Figure 9.- Effect  of lead-ing-eQe extensions on the s t a t i c  longi tudinal  
cha rac t e r i s t i c s  of model B8W8Vlo. p = Oo; 6, = Oo. 
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Figure 10.- Effect  of v e r t i c a l  t a i l s  and v e r t i c a l - t a i l  cant on s t a t i c  
longi tudinal  cha rac t e r i s t i c s  of model B8W8. p = 0'; 6, = 00. 
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Figure 11.- Effect of wing-body fairing on longitudinal characteristics 
Of model B8W8v10. p = 0'; 6, = 0'. 
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t 12.- Effect  of wing leading-edge cutout on longi tudinal  charac- 
t e r i s t i c s  of model. p = 0'; 6, = -10'. 
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Figure 13.- Effect  of wing fences on the s t a t i c  longi tudinal  character- 
i s t i c s  of model BgWgV10. p = Oo; 6, = 0'. 
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Figure 14.- Variation of l a t e r a l  coef f ic ien ts  of model B ~ W ~ V ~ O  with 
angle of s ides l ip .  6, = -10'. 



(b)  Ver t ica l  tails off.  

F i g y e  14. - Continued. 
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( e )  T a i l s  canted out 30' from vert ical .  

Figure 14, - Continued. 
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(a) Rudders deflected 20’ outward. 

Figure 14. - Continued. 
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(e) B8w8vlo with landing skids. 

Figure 14. - Concluded. 
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Figure 16.- Effect  of landing skids on the  s t a t i c  l a t e r a l  cha rac t e r i s t i c s  
O f  model B8W8v10. 6, = -10’. 
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Figure 17.- Effect  of v e r t i c a l  t a i l  cant on the  s t a t i c  l a t e r a l  charac- 
t e r i s t i c s  of model B8w8vlo. tie = -10'. 
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Figure 18.- Effect  of rudders def lected 20' outward on the  s t a t i c  
l a t e r a l  cha rac t e r i s t i c s  of model B8w8vlo. 6, = -10'. 
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Figure 20.- Variation of the out-of-phase yawing and r o l l i n g  der ivat ives  
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